A Study on Experimental Performance of Air-Type PV/T Collector with HRV  by Ahn, Jong-Gwon et al.
1876-6102 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the CENTRO CONGRESSI INTERNAZIONALE SRL
doi: 10.1016/j.egypro.2015.11.705 
 Energy Procedia  78 ( 2015 )  3007 – 3012 
ScienceDirect
6th International Building Physics Conference, IBPC 2015 
 
A Study on Experimental Performance of Air-Type PV/T Collector 
with HRV 
Jong-Gwon Ahna, Jin-Hee Kimb, Jun-Tae Kima,*† 
aZero Energy Buildings Lab., Dept. of Energy Systems Engineering, Kongju National University, Cheonan, Chungnam 330-717, South Korea 
bGreen Energy Technology Research Center, Kongju National University, Cheonan, Chungnam 330-717, South Korea 
 
 
 
 
Abstract 
 
To improve indoor air quality, appropriate ventilation is essential. Ventilation, somewhat contributes to heat loss. Heat recovery 
ventilation (HRV) system presents solutions to exchange discarded heat of exhaust air with incoming outdoor air. 
Photovoltaic/thermal (PV/T) system is the technology for producing electricity in PV module and using heat at the back side of 
the panel for hot water heating system simultaneously. Heated air from an air-type PV/T can be coupled with HRV system for 
preheating instead of outside air intake. Thus the ventilation efficiency can be improved. With heated air of an air-type PV/T 
collector, freezing and dew condensation problems in traditional HRV system caused by low temperature air during winter, can 
be resolved. The performance of air type PV/T collector coupled with HRV has been studied experimentally. 
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1. Introduction 
 
Recently, there is increasing concern for pleasant working environment and healthy indoor air  quality (IAQ); more 
so due to the fact that people spend more time in buildings. However, improvement in energy efficiency measures 
and policies means that most modern or renovated building cases focus more on  enhancing  airtightness and  insulation  
performance  without  considering  IAQ [1].  Ground  level  pollutants,  bio  aerosols,  penetration of 
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outside polluted air through cracks and openings into indoors, microbial growth on condensation walls, volatile 
organic compounds from equipment and interior decors, among others, all pollute the indoor environment; not to 
mention the associated detrimental effect on health [1, 2]. The truth is that, the air inside the conditioned space can 
be substantially more polluted than outdoor air. Consequently, it can lead to the so called Sick Building Syndrome 
(SBS) [3]. For this reason, appropriate ventilation is necessary. As the case stands improvement of IAQ is essential. 
Howbeit, an alternative to enhance the IAQ is to improve ventilation. With this issue, Heat recovery ventilation 
(HRV) system can be a sustainable alternative. HRV system recovers energy by warming cool incoming supply air 
with the outgoing exhaust air from indoors [4]. Moreover, heated air of an air-type photovoltaic/thermal (PV/T) 
system can be used in HRV system for preheating instead of outside air intake. Thus effective ventilation is possibly 
achieved. With heated air of an air-type PV/T collector, freezing and dew condensation problems caused by low 
temperature air during winter, can be resolved. The objective of this study is to experimentally investigate the 
performance of HRV system using warm air from air type PV/T collector for preheating. The performance of the 
HRV system was evaluated based on Korean Standard (KS) B 6879. 
 
 
 
2. HRV system with PV/T 
 
PV used for manufacturing air-type PV/T collector is mono-crystalline Silicon. The specifications of the PV/T 
collector system are listed in Table 1. Further, air cavity of 67 mm was made for collecting solar thermal at the back 
surface of the PV. The experimental building applied an array of four  PV/T  collectors  and the maximum rated power 
was 1 kWp. The array was installed on the southern orientation of the roof at an inclination of 30 degrees. The 
experiment building with the installed PV/T is shown in Fig. 1. 
 
Table 1. PV specification of the PV/T collector. 
 
 
Subject Specifications 
 
 
Cell type Mono-crystalline silicon 
Collector size 1619 mm * 979 mm * 40 mm 
Maximum power (Pmax) 
Maximum voltage (Vmp) 
Maximum current (Imp) 
Open voltage (Voc) 
Short current (Isc) 
260 W 
31.6 V 
8.23 A 
38.1 V 
9.27 A 
 
 
Nomenclature 
Apv/t
Cp 
G 
Im
lOA 
lpv/t
lRA 
lSA 
ṁ 
To
Ti
Vm
ηel
ηl
ηth 
Surface area of the collector [m2] 
Specific heat of air at constant pressure [J/kg oC] 
Solar radiation [W/m2] 
Maximum current [A] 
Outdoor air enthalpy [kcal/kg (DA)] 
PV/T outlet air enthalpy [kcal/kg (DA)] 
Return air enthalpy [kcal/kg (DA)] 
Supply air enthalpy [kcal/kg (DA)] 
Mass flow rate [kg/h] 
Outlet air temperature of PV/T [oC] 
Inlet air temperature of PV/T [oC] 
Maximum voltage [V] 
Electrical efficiency [-] 
Heat transfer efficiency [-] 
Thermal efficiency [-] 
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Fig. 1. An experimental building with applied air-type BIPV/T system. 
 
3. Experimental method 
 
Fig. 2 (left) shows PV/T collector size and inside details. Baffle was installed in air cavity to assist to increase 
thermal efficiency. The inlet and outlet of PV/T collector for air movement were also described. Fig. 2 (right)  shows 
a schematic diagram of air-type BIPV/T related with HRV system, showing the air flows. The HRV had 80% heat 
transfer efficiency. Outdoor air inlet was connected with outlet of PV/T collector to take warm air into HRV system 
instead of outdoor air. In this study, two modes of experimental methods were conducted in order to compare HRV 
performance for the different situations. Whereas warmed air from PV/T was used as HRV inlet heated air in first 
mode (PV/T mode), outdoor air was fed directly into HRV in the second (OA mode). The two conditions were 
controlled by dampers installed in duct. Also, a flowmeter (FM), dry-bulb thermometers (Td), and temperature- 
humidity sensors (Th), were installed in duct to evaluate air condition; and pyrheliometer was installed on the roof. 
Measured experimental data was collected at intervals of ten seconds through Data Logger (Agilent 32970A). Flow 
rate (100kg/h) and room temperature (20oC) were constantly maintained. 
 
 
 
Fig. 2. Schematic diagram of: PV/T collector detail (left) and air-type BIPV/T coupled with HRV system (right). 
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4. Result and discussions 
 
4.1. Temperature characteristic of PV/T 
 
Fig. 3 displays PV/T temperature, outdoor temperature, PV/T outlet temperature and solar radiation from 
experimental results; WBT and DBT are wet bulb temperature and dry bulb temperature, respectively.  Solar radiation 
ranged between 700~1050 W/m2 and outdoor temperature was nearly 0 oC. The temperature of the PV/T ranged 
between 12~32 oC corresponding to the magnitude of solar radiation. The difference between outdoor temperature and 
outlet temperature from PV/T ranged between 7~15 oC. Thus, problems to HRV system caused by cold outdoor air 
could be prevented when warmed air from PV/T is used in winter season. Ventilation efficiency of HRV was also 
improved by pre-heat supply air from PV/T. WBT was also measured in order to calculate enthalpy of air in OA 
mode and PV/T mode. Outdoor WBT was about -4 oC and PV/T outlet WBT was in the range -1~5 oC. The difference 
of the outdoor DBT and WBT was about 5 oC constantly for a day. However, disparity of PV/T outlet temperatures 
ranged between 6~10 oC because of changed air condition by solar radiation within PV/T collector. 
 
 
 
 
Fig. 3. PV/T temperature and outdoor temperature 
 
 
 
4.2. Heat transfer efficiency of HRV 
 
Fig. 4 and 5 represent enthalpy of the air for the two modes. Outdoor air enthalpy, supply air enthalpy, and return 
air enthalpy were about 1.5 kcal/kg DA, 5 kcal/kg DA, and 6 kcal/kg DA, respectively in OA mode (see Fig. 4). 
PV/T outlet air enthalpy was 7.2 kcal/kg DA; higher than the outdoor air  enthalpy.  Consequently,  supply air enthalpy 
in PV/T mode was higher than that in OA mode. Moreover, supply air enthalpy was analogous with return air enthalpy 
in PV/T mode. This is attributed to the influence of PV/T outlet air with high enthalpy on supply air. Also, heat 
loss was not caused in the process. With the enthalpy values, the performance of the HRV system was evaluated in 
OA mode and PV/T mode using equations 1 and 2. For the heat transfer efficiency for PV/T mode, lpv/t which is outlet 
air enthalpy from PV/T was inserted instead of lOA in the equation. 
The heat transfer efficiency ( l) was calculated using equations 1 and 2 [5]: 
 
l  lOA lSA u100 
lOA  lRA 
 
(1) 
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l l 
l  pv / t SA  u100 
lpv / t  lRA 
 
(2) 
 
Mostly, the heat transfer efficiency of PV/T mode was higher than that of OA mode. From 13:55 to 14:55 on 27th 
February, the heat transfer efficiency of HRV in PV/T mode was approximately 100% and fairly 79% in OA mode. 
Therefore, effective ventilation is possibly achieved with PV/T outlet air during a particular period without heat loss 
in winter. 
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Fig. 4. Enthalpy values of air in OA mode 
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Fig. 5. Enthalpy values of air in PV/T mode 
 
 
 
4.3. Thermal and Electrical performance of the PV/T 
 
Thermal and electrical performances of the Air-type PV/T collector are presented in Fig. 6. The results were 
calculated by equations 3 and 4 [6]: 
 
th     m Cp (To   Ti ) ( Apv / tG) (3) 
 
el  (ImVm ) ( Apv / t G) (4) 
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Thermal efficiency is based on total energy gain versus collected heat. From Fig. 6, the average solar radiation 
was 921 W/m2 and the magnitude of thermal efficiency and heat gain were almost steady, corresponding to about 
23% and 200 W/m2 respectively for a whole day, though solar radiation changed. Though heat gain at 15:00 was 
lower than previous interval in the day, the thermal efficiency was higher. This was attributed to the relatively lower 
solar radiation. Electrical efficiency is also based the maximum electrical energy conversion versus the area of PV/T 
collecting solar radiation. Electrical efficiency of the PV/T collector was about 15% without considerable variation 
for operational time owing to ventilation caused at the back side of the PV. 
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Fig. 6. Daily performance of PV/T collector 
 
5. Conclusion 
 
In this study, the performance of air type PV/T collector coupled with HRV has been studied experimentally. 
From analysis results, it was founded that thermal and electrical performance of PV/T collector was 23% and 15%, 
respectively. Therefore, overall efficiency of the PV/T collector with HRV was 38%. Heat transfer efficiency  of HRV 
was improved to about 20% with pre-heat air from PV/T collector. It was concluded that the HRV system coupled 
with PV/T collector yielded higher efficiency as compared to the conventional  HRV.  Further  work is needed to 
consider the holistic impact of PV/T collector with HRV on building energy performance. 
 
Acknowledgements 
 
This research was supported by the Basic Science Research Program through the National Research Foundation of 
Korea (NRF) funded by the Ministry of Education and Human Resources Program in Energy Technology of the 
Korea Institute of Energy Technology Evaluation and Planning (KETEP) granted financial resources from the 
Ministry of Trade, Industry & Energy, Republic of Korea. 
 
References 
 
[1] Bruce N, Pope D, Rehfuess E, Balakrishnan K, Adair-Rohani K, Dora C. WHO indoor air quality guidelines on household fuel combustion: 
Strategy implications of new evidence on interventions and exposure–risk functions. Atmospheric Environment, 2014. 
[2] Jones AP. Indoor air quality and health. Atmospheric environment 1999; 33: 4535-4564 
[3] Mendes A, Teixeira J. Sick building syndrome. 2014. 
[4] O’Connor D, Calautit JK, Hughes BR. A study of passive ventilation integrated with heat recovery. Energy and Buildings 2014; 82: 799-811. 
[5] KS B 6879: Heat-recovery ventilators 2007. 
[6] Zondag H, Van der Borg N, Eisenmann W. D8-6: PVT Performance measurement guidelines, ECN Editor, Petten, The Netherlands, 2005. 
  Thermal Eff Electrical Eff 
R
ad
ia
tio
n 
&
 Q
_g
ai
n 
(W
/m
2 )
 
E
ff
ic
ie
nc
y 
(%
) 
